NOTICE: When government or other drawings, specifications or other data are used for any purpose other than in connection with a definitely related government procurement operation, the U. S. Government thereby incurs no responsibility, nor any obligation whatsoever; and the fact that the Government may have formulated, furnished, or in any way supplied the said drawings, specificationsý or other data is not to be regarded by implication or otherwise as in any manner licensing the holder or any other person or corporation, or conveying any rights or permission to manufacture, use or sell any patented invention that may in any way be related thereto. In contrast to the rapid decrease predicted by conventional C> !'-theory, the magnetostriction X 1 lO of iron has a large maximum just below the Curie temperature. We propose a mechanism based on the "* fact that an ellipticity in the quasi-particle spectrum permits a lowering of the free energy by distortion; an equivalent mechanism I jarises from the anisotropic magnon-phonon interaction near the zone SIboundary.
This latter interaction is large at temperatures such that magnon renormalization (due to magnon-magnon interaction)
lowers the magnon spectrum to degeneracy with phonons at the zone O edge.
The degeneracy temperature agrees well with the temperature Sof the maximum in iron. Adding silicone raises impurity states S* from the phonon spectrum and thence lowers the degeneracy temperature, but increases the range of temperature over which neardegeneracy occurs; this agrees with the observed shift and broadening of the X 1 0 0 peak. The degeneracy does not occur in nickel, nor does the X 1 0 0 peak. The mechanism also predicts a monotonically decreasing XIII of the opposite sign to X10, as observed in iron.
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I. INTRODUCTION
The conventional magnetoelastic coupling theory of magnetostrictionI' 2 and the observations of Tatsumoto and Okamoto  3 ' on iron are in puzzling disagreement. The magnetoelastic coupling theory predicts that the magnetostriction of ferromagnets should fall monotonically to zero with increasing temperature.
In contrast the magnetostriction constant XI00 of iron, shown in Finally, the peak in kIO0 is absent in nickel.
In this paper we propose a mechanism which accounts qualitatively for the magnitude and location of the high-temperature maximum of XlO0 in iron, for the shift and broadening of the maximum with the addition of silicon, for the absence of the effect in nickel, and provides criteria for the presence of the effect in other materials. Furthermore, the theory properly predicts the monotonic behavior of kill and the fact that 4lll and X100 are of opposite sign.
The mechanism depends on the existence of an asymmetry in, the excitation spectrum of the system, this asymmetry being determined by the axis of the magnetization. For clarity we first illistrate the effect by assuming a simple eccentricity of the spin-excitation (magnon) spectrum, such as results, for instance, from the dipolar interaction of the spins. If the crystal is distorted, two effects must be-considered.
First, the boundaries of the Brillouin zone over which the free energy density is to be integrated, are shifted. And secQnd, because of the change in interatomic distance the w(k) dependence may be altered, in turn changing the free energy density field.
In the presence of an eccentricity the total free energy is decreased by a shift of the Brillouin zone boundary to exclude a region of reciprocal space corresponding to high free energy density in favor of another region of lower free energy density.
This effect is indicated schematically in Fig. 2 . Distortion of the Brillouin zone boundary corresponds to an inverse distortion of the crystal in real space, and thence to magnetostriction.
The model calculation carried out in Section 2 indicates that the second effect (the dependence of w(kI) on strain) is somewhat smaller than the zone boundary effect, and that both effects are -4-of the same sign. Both effects are shown in Fig. 3 , where the zone boundary effect is designated as a "surface" effect, and the shift in the frequencies throughout the zone is designated as the "volume" effect.
As indicated in Fig. 3 , the magnetostriction resulting from a single. eccentricity would be in qualitative agreement with the observations in iron if we were to choose the eccentricity opposite in sign and eight times the magnitude of that resulting from dipolar interactions. However, no plausible source of that type of eccentricity, with the required magnitude, is apparent to us. Consequently, as an alternative mechanism, we shall show in Section 3
that the magnon-phonon interaction near the Brillouin zone boundary produces an asymmetry in the excitation spectra which is equivalent in its effect to a simple eccentricity. The magnon-phonon interaction is itself sharply temperature dependent, becoming appreciable only when the magnon-magnon interaction renormalizes the magnon spectrum to lower the magnon frequencies so that they become degenerate with the phonons ne.ar the zone edge. This degeneracy temperature is just below the Curie temperature in iron.
The resultant contribution to X100 is therefore very small. except in the neighborhood of the degeneracy temperature, leading to a strong maximum just below the Curie temperature, qualitatively similar to that observed in iron.
The systematics of the shift and change of shape of the X100 maximum with addition of impurities, and the criteria for the presence of the maximum in other materials, then follow from the relative magnitudes of the unrenormalized magnon and phonon energies in these materials,, and from the resultant possibility of magnon-phonon degeneracy near the zone edge. The free energy of the system of magnons is
and we are interested in the free energy difference AF -F(=)-
in the strained and unstrained crystal. Furthermore we are interested only in those terms in AF which contribute to the magnetostriction constants X100 and XIl1' in that they involve both the direction of magnetization (or 0) and the strain
1;
denoting these terms in AF by AF', we easily find
SB.Z.
where
2J. The surface contribution has a large zero point contribution, and it then increases with increasing temperature as the modes near the zone boundary become occupied.
The single adjustable constant appearing in the results is the eccentricity constant A of Eq. (1); it has been chosen as A -16w
in Fig. 3 , so that the theoretical XI00 coincides with the measured value extrapolated to OK. For comparison, the value of A corresponding to the Holstein-Primakoff4 spectrum (i.e., the dipolarinduced eccentricity) is +2TT.
The corresponding theoretical value of the shear magnetostriction Xlll is properly opposite to X 00 in sign, but its magnitude is only one third of the experimental value at OK, and it drops off monotonically but too slowly with increasing temperature.
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III. MAGNON-PHONON INTERACTION
We now consider a specific mechanism which produces an asymmetry of the required magnitude in the excitation spectrum of a ferromagnet. Although this symmetry is more complex than the simple eccentricity considered previously, its effect is qualitatively similar. The mechanism to be considered arises from magnon-phonon interaction.
The magnon and phonon. spectra each approach the Brillouin zone boundary with zero normal slope, but the energies vary considerably over the face of the zone. 
In actuality the phonon energies also renormalize, although probably to a lesser extent than the magnons. Accordingly, and in the absence of a quantitative theory, we shall neglect this effect.
Because of the magnetoelastic coupling,the phonon and magnon spectra mix, producing new modes displaced upward and downward by frequency shifts ±8w. This spectral distortion then in- This estimated magnon-phonon interaction would be as large, or larger, than the phonon energy itself, which would lead to an instability of the interacting spectra, and "a phase transition. But the estimate of Kaganov and Tsukernik is "a very rough one, and we shall assume only that the magnon-phonon matrix element for modes near the zone boukAdary is hwi, where wi is less than but of the same order as the phonon frequency Wp.
The displaced frequencies of the interacting magnon and phonon modes are then determined by the secular equation
The two roots are The interaction matrix element wi is certainly strongly dependent on the angle between the wave vector of the modes and the magnetization, as has been shown at the cross-over region at low I by Schl6mann.II It is obvious by symmetry that a spin wave propagating along the magnetization cannot couple 'to a longitudinal phonon. However, the coupling can be large for modes propagating perpendicular to the magnetization direction. We thus summarize the above considerations by assuming that 8w (9) is a function of the angle B between I and M:
where g is of the order of Wp, falling to half its value when
Again the free energy of the crystal is decreased by a distortion of the Brillouin zone, excluding regions of small splitting in favor of regions of large splitting. As in Eq. (6) the surface contribution to the change in free energy is
At the degeneracy temperature this change in free energy becomes
Comparison of this equation with the surface term in Eq. (6) shows that the same value of magnetostriction at T will be obtained if Consequently our previous result that a value of A = -1 6 7T was required to fit the value of Xl00 at Tp implies that this fit will be obtained with hg ^ 10"14 ergs.
This required value actually is considerably less than the value estimated from the magnon-phonon matrix element.
We first estimate the position and shape of the peak in pure irran, and then discuss the effect of silicon alloying. 
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